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Introduction
resence of an immature apex in a tooth with pulpal injury presents a significant challenge, as routine root canal procedures cannot be performed ideally when the apex is not closed [1] . Thus, the results of treatment are unpredictable. Depending on the vitality of the affected pulp, there are two possible approaches: apexogenesis, which is used when the pulp is vital and apexification, applied for necrotic pulps [2] . In immature nonvital teeth, the root canal walls diverge apically, which make the preparation of an apical stop impossible. In such cases, the aim of treatment is to induce the formation of an apical buttress of hard tissue and avoid overfilling of the canal obturating materials (aka apexification) [3] .
The proper approach in this treatment modality is known as apexification, the goal of which is to establish an apical stop [4] . Many materials, such as non-setting calcium hydroxide (CH), have been reported to successfully stimulate apexification. The main disadvantage of this technique is the increased possibility of cervical fracture [5] , as well as the frequent number of clinical visits required to complete this procedure.
The use of tricalcium phosphate as an apical barrier in single-visit apexification procedure was reported in 1979; the material was packed into the apical 2 mm of the canal, against which gutta-percha was compacted. The radiographic assessment confirmed successful apexification comparable to the results achieved with CH [6] .
With regards to one-step apexification, placement of mineral trioxide aggregate (MTA) apical plug has a number of advantages, such as decreasing the number of appointments and reducing the clinical time. However, this method does not facilitate further root development [7] .
In regenerative procedures, the treatment goal is to induce biological replacement of lost dental tissue(s). Many of these procedures have emerged from the growing field of tissue engineering [8] . Over the last several decades, the scope and clinical application of regenerative dental procedures have continuously advanced to include guided tissue regeneration P Aldakak et al.
(GTR), guided bone regeneration (GBR) and distraction osteogenesis (DO) [9] . Regenerative endodontics, such as pulp revascularization, has been defined as biologically based procedures designed to replace damaged structures, such as dentin, root structures and cells of the pulp-dentin complex [10] . Pulp revascularization has been widely performed for the treatment of immature permanent teeth with necrotic pulps and established apical periodontitis. Successful cases exhibited thickening of the canal walls, closure of root apices and continued root development [11] . Today, the regeneration of immature permanent teeth with necrotic pulps can be achieved using different types of biomaterials which may require multiple or single visits [12] .
There are many different multiple-step revascularization protocols, with different kinds of intracanal medicaments such as CH. A previous study demonstrated that root fracture was the main reason for tooth loss after apexification with CH in a large number of cases [13] . A CH dressing was also shown to be less effective than antibiotic paste formulations against some intracanal bacteria [14] .
Another dressing, triple antibiotic paste (TAP) was suggested to disinfect the canal. A study investigated the use of TAP as intracanal medicament. In that study, 51% of revascularization cases were successfully treated with TAP (a 1:1:1 mixture of ciprofloxacin/metronidazole/minocycline) [15] . Other studies showed that TAP was very effective against endodontic microorganisms [16] . However, TAP also caries many drawbacks. For example, researches have demonstrated that more than 80% of the paste could not be removed from the tooth and that it penetrated through the dentinal tubules rather than remaining in the canal lumen [17] . Another study noted that it was difficult to completely remove the paste from the root canals [18] . Furthermore, the combination of TAP and CH is not approved by the US Food and Drug Administration (FDA) and has the potential to induce staining of the crown [17] . In addition, TAP was shown to be toxic to stem cells, with one study reporting that higher TAP concentrations had a detrimental effect on stem cells of apical papilla [19] .
Shin et al. [12] previously described the first and only revascularization case completed in one visit. However, they used NaOCl irrigation to disinfect the canal, followed by MTA to seal the canal orifices. Recent studies have demonstrated that the performance of Biodentine (Septodont, St. Maur-desFosses, France) was equal or superior to that of MTA. However, to the best of our knowledge, there are no reports on the use of Biodentine in a single-visit revascularization procedure. This case report represents the application of Biodentine in a single-visit protocol for revascularization of an immature mandibular premolar.
Case Report
An 11-year-old female patient was referred to the clinic of Endodontics and Operative Dentistry at Damascus University, Dental School with a chief complaint of pain in the right mandibular second premolar. Vitality, percussion and palpation tests of the mandibular second premolar and adjacent teeth revealed its negative response and positive responses of adjacent teeth to pulp vitality tests. An evaluation radiography revealed the presence of secondary caries under an old composite restoration on the immature second premolar. All the tests were done using EndoFrost (Coltène-Whaledent, Langenau, Germany) ( Figure 1A ). The final diagnosis was pulp necrosis of the immature tooth.
Local anesthesia was administrated by infiltration of mepivacaine (Mepivacaine HCL 3%, Alexandria, Egypt). The tooth was isolated using a rubber dam and the access cavity was prepared. The canal was initially irrigated with a 5.25% NaOCl solution. The working length was established radiographically and confirmed with an apex locater (J. Morita USA, Inc., Irvine, CA, USA). The canal was irrigated with the needle inserted 2 mm shorter than the working length, using 17% ethylenediaminetetraacetic acid (EDTA, Dia-Prep Plus, Diadent Group International Inc., Chongju, Korea) for 1 min to remove the smear layer, without damaging the stem cells present in the periapical area [20] . The canal was then irrigated with saline, followed by irrigation with 5.25% NaOCl for 3 min, saline and then 2% chlorhexidine for 5 min. Finally, the canal was irrigated with saline and dried using sterilized paper points. A #20 K-file (Dentsply Maillefer, Ballaigues, Switzerland) was then used to irritate the apical tissues gently and invoke bleeding in the canal. The bleeding was stopped 2 mm below the CEJ level and left for 10 min to allow clottting.
A mixture of Biodentine (BD, Septodont, Saint Maur des Fosses, France) was applied according to the manufacturer's instructions and placed over the blood clot using endodontic pluggers. After 15 min, a light-cure glass ionomer restoration (GC Fuji II LC, GC Corp, Tokyo, Japan) was placed, and the patient was scheduled for follow-up ( Figure 1B) . Six months later, the teeth were double-sealed with permanent filling materials (3M ESPE, FiltekTM Z250, Universal Restorative, USA). The patient was recalled after 6, 12, and 24 months for clinical and radiographic examinations, which showed complete root maturation, with intact supporting soft tissues, without a sinus tract, pain, or swelling ( Figures 1C and 1D ).
Discussion
According to the approach presented by Nygaard-Ostby [21], which is based on the well-known role of blood clot formation in wound healing, pulp regeneration involves laceration of the periapical tissues. Their study reported histologic and clinical findings on 17 teeth that were extracted after 3 years of follow-up, Figure 1 . A) Preoperative radiography, B) Six-month follow-up after revascularization, C) Twelve-month follow-up, D) Two-year follow-up the growth of periodontal ligament and periapical bone were incomplete, and the authors reported evidences of variable resorption of the dentinal walls, along with the deposition of cementum. Thus no newly formed dentin was observed [21] .
Single-visit revascularization of a nonvital tooth
The growth and differentiation of mesenchymal stem cells from periapical cells, depend on blood clot formation that serves as a scaffold, enabling the migration of stem cells into the root canal where they then stimulate the formation of new tissues in the canal space [22] ; however, the ingrowth of periodontal tissues that reach the coronal pulp chamber it is very likely [23] .
It was reported that teeth with an apical foramen larger than 1.1 mm, are potentially suitable candidates for revascularization after replantation [24] . An earlier study on partially necrotic young teeth reported a strong relationship between pulp and periapical tissues, although the coronal part was infected, the apical part of the pulp tissue retained its vitality [25] . Another study reported that vital pulp cells in the apical part had the ability to create new pulpal tissues in the coronal pulp space, provided that the coronal part was disinfected [26] . Therefore, as noted elsewhere, obturating the root canal with filling materials or medicaments eliminate the chances of revascularization and is counterproductive [27] .
There are many probable means by which revascularization of pulpal tissue can occur. First, revascularization of vital pulpal cells can occur at the apical end of the root canal when the dental papilla is located apical to the developing pulp during root and pulp development [26] . Dental papilla is histologically different from the pulp and the apical papilla is less vascular and cellular; these two tissues are separated by a cell-rich zone [28] . Second, stem cells from the apical papilla or bone marrow can trigger root development [29] . In addition, multipotent dental pulp stem cells can play a role in continued root development [30] . These cells are present in permanent teeth and might be plentiful in immature teeth. Third, revascularization of pulpal tissues may also be induced by stem cells present in the periodontal ligament [31] . Finally, the blood clot itself may aid the revascularization of pulp tissue because it includes many growth factors, which have a crucial role in regeneration [32] .
A previous study described three components that contributed to successful revascularization [33] . These were stem cells that are capable of inducing the formation of hard tissues; signaling molecules for cellular stimulation, proliferation and differentiation; and a three-dimensional physical scaffold that can support cell growth and differentiation [33] . To facilitate the revascularization of immature teeth with apical periodontitis, the following three steps are required: The canal must be disinfected; an intracanal matrix should be put in place for tissue in-growth and a tight coronal seal should be applied to prevent bacterial (re)entry [34] .
Completing revascularization in one visit has many advantages. First, it reduces the chance of additional bacterial contamination of the space. Second, a single revascularization protocol may overcome the problem of poor patient compliance with follow-up visits and reduce the number of appointments needed. Third, it can help to combat potential injury of the tooth [12] . In the present case, Biodentine was used as a plug in the canal orifice of the canal under the CEJ [35] rather than MTA because it was shown that Biodentine did not change the color of the tooth, whereas MTA caused discoloration [36] . With regard to the biocompatibility of Biodentine, a previous study demonstrated that it was comparable to that of MTA [37] . The similar biocompatibility is primarily due to the composition of the materials (i.e., mainly tricalcium silicate).
A study showed that the only difference in the pulpal response to Biodentine and MTA was in the thickness of the mineralized tissue bridge, which was greater with Biodentine [38] . The result of that study may be explained by the difference in the velocity of the chemical reaction during the setting of the materials. Although both materials produce the same chemical compounds, this reaction may be faster in Biodentine, which has a shorter setting time. Based on the aforementioned research, it was decided to use Biodentine instead of MTA in the present case.
Conclusion
It appears that using Biodentine in a single-visit revascularization protocol can aid in root development and continued apical closure.
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